The present study was carried out to elucidate the adaptive responses of some desert plants growing in two different habitats along Wadi El-Natrun El-Alamein Desert Road. The species characterizing the sand-gravel plain habitat include Thymelaea hirsuta, Artemisia monosperma, Deverra tortuosa and Traganum nudatum, while those characterizing the dry saline habitat are Zygophyllum album and Asphodelus microcarpus. The species of dry saline habitat attained higher values of water content, degree of succulence, calcium, magnesium and chlorides. Also, Zygophyllum album achieved the highest ash content and this was mainly due to accumulation of Na + , Ca +2 and Mg
Introduction
Plants are subjected to several harsh environmental stresses that adversely affect growth, metabolism and yield. Drought is a major abiotic factor that limits crop production (Lawlor and Cornic, 2002) . Stress, according to Levitt (1980) means the action of environmental factors and reaction of the organism.
Water stress tolerance is seen in almost plant species but its extent varies from species to species. Although the general effects of drought on plant growth are fairly well known, the primary effects of water deficit at the biochemical and the molecular levels are not well understood (Zhu, 2002 and Chaves et al., 2003) .
Osmoregulation, osmotic compensation, or osmotic adjustment is the process to maintain the turgidity of plant cells by a sufficient increase in cell solutes to compensate the external osmotic stress. According to Walter (1960) The present study aims to study ecophysiological adaptive responses of some desert plants growing naturally under two different habitat conditions along Wadi El-Natrun El-Alamein Desert Road.
Materials and Methods
The study area of Wadi El-Naturn El-Alamein Desert Road lies between latitude from 3020 -to 31 North and longitude from 29 to 2930 -East (Photo 1). Two locations were chosen to carry out the present work. The first is located at 40 Km and the second at 130 Km from the beginning of the road.
Climatic data of Wadi El-Natrun and El-Dabba regions are represented in Tables  1 and 2 . It is noticed that Wadi El-Natrun area had higher temperature and somewhat higher values of wind velocity than El-Dabba region. However, El-Dabba was characterized by higher quantity of rainfall as a total as compared with Wadi ElNatrun. The highest amount of rainfall (40.6 mm/month) was detected for the year 2002 at Wadi El-Naturn and for the year 2000 (229.1 mm/month) at El-Dabba area.
The first location namely sand-gravel plain represents Thymelaea hirsute (L.) Endle. community and the associate species included Artemisia monosperma Del., Deverra tortuosa Desf. and Traganum nudatum Del. Also, Astragalus spinosus (Forssk.) Muschl. and Gymnocarpos decandrum Forssk. were recorded only in summer, while, Helianthemum sp.was found during autumn. Additionally, Echinops spinosus L., Mant. was recorded in dry form. The second location namely dry saline habitat represents Zygophyllum album L.F. community and its associate species was Asphodelus microcarpus Salzm & Viv. which was observed during autumn and winter.
Soil analyses:
Soil samples were collected during summer (2001) and winter (2002) from depth 0-40 cm and soil analyses were carried out according to the methods described by Jackson (1967), Pearcy et al. (1991) , Rowell (1994) and Harris (1998).
Photo 1. Location map showing the studied area

Plant analyses:
The plant materials used in the present investigation included Thymelaea hirsute (L. Data obtained of the different species were exposed to the proper statistical analysis according to Snedecor and Cochran (1969) , while least significant differences at 5% was used to verify the significant differences between means.
Results and Discussion
Soil characteristics:
Results in Table 3 reveal that soil moisture content increased in winter especially in sand-gravel habitat. Soil of saline habitat had higher value of electric conductivity (EC) as compared with the first one. Calcium was the dominant cation followed by magnesium, while chlorides were the dominant anions. Results showed that soil of dry saline habitat had the highest amount of total cations as well as total anions during summer.
Plant analyses:
Results recorded in Tables 4 and 5 show that species of dry saline habitat attained the highest values of water content as well as degree of succulence compared with species colonizing sand and gravel plain. It has been found that succulence of Z.album is due to accumulation of Na, Ca, Mg and to a less extent due to Cl, while succulence of A.microcarpus is related to K, Na accumulation beside Cl and P. In contrast, Ahmed and Shalaby (1985) studied Z.album growing under different habitat conditions of Sinai and concluded that the high degree of succulence of this species was associated with high chloride accumulation. Tables 4 and 5 indicate that the highest ash content was recorded in Z.album during the studied period and this was associated with increase in degree of succulence and accumulation of Na + , Ca +2 and Mg +2 ions. In this connection, ElMonayeri et al. (1981) reported that the rise of total ash content of two Zygophyllum species during summer months may be due to the increase of total ions accumulation as a result of increase water saturation deficit as a function of increase soil moisture stress conditions.
Regarding mineral composition, species inhabited dry saline habitat had higher concentrations of chlorides compared to species of site 1. In addition, sulphates reached the highest value in Z.album (0.38%) during summer and this was accompanied by the highest sulphates concentration in the soil. Also, Na ions were accumulated with low concentration in species characterizing sand-gravel habitat , except T.nudatum which possessed high concentration of Na like species of dry saline habitat (Tables 4 and 5 ).
Results reveal that the studied species accumulated K rather than of sodium except T.nudatum and Z.album. This result is in accordance with those obtained by Al-Tantawy (1983) and Ismaeil & Al-Oliyan (1999). In addition, it can be observed that K + /Na + ratio in most species was more than unity during the different seasons.
These plants can be described as key elements in salinity tolerance. Yeo (1998) stated that one of the key elements in salinity tolerance is the capacity to maintain a high cytosolic K + /Na + ratio. Table 5 show that Z.album achieved the highest concentration of calcium and magnesium ions. In this context, Bannister (1976) reported that accumulation of high concentration of Ca and Mg, which is considered as a protective adaptive response of desert plants, counteracts the harmful effects of Na and Cl. Detailed investigation in recent years have indicated that Ca +2 control water use efficiency by initiating stomatal closure (Atkinson, 1991) , thus, the increased Ca concentrations in stressed plants may be responsible for the drastic reduction in stomatal conductance. Despite the observed osmotic adjustment and partial maintenance of leaf turgor, the rapid increase in Ca concentration can also influence tissue elasticity, as it is generally assumed that calcium increases the rigidity of the cell wall (Marigo and Peltier, 1996). Tables 4 and 5 , that concentration of chlorophyll b was generally greater than that of chlorophyll a in the studied species and during different seasons, chl. a/b ratio was inverted. Similar result was obtained by Morsy (1996) in his study on Capparis cartilaginea, found that concentration of chlorophyll b was greater than chlorophyll a in both autumn and spring. In this connection, Wingler et al.(1999) reported that the combined effects of heat and light stress on photosynthesis superimposed with drought will be more complex. Under unfavourable conditions, plants are known to loss chlorophyll (Havaux and Tardy, 1999) or direct the absorbed light to other processes, like thermal dissipation to protect the photosynthetic apparatus (Deming-Adams and Adams, 1996). Moreover, drought not only causes dramatic loss of pigments, but also leads to disorganization of thylakoid membranes (Ladjal et al., 2000) .
Data in
Concerning variations in photosynthetic pigments, it is markedly observed from
It is worthly to mention that concentration of chlorophyll a exceeded that of chlorophyll b in each of T. hirsute, A. monosperma, D.tortuosa (sand-gravel habitat) and Z.album (dry saline habitat) in spring and D.tortuosa in autumn. Chlorophyll a/b ratio of the concerned plants was 1.3, 1.16, 1.1, 2.39 and 1.42, respectively. Concomitant with the correction of chl. a/b ratio in such plants, the attainment of the highest concentration of carotenoids, to which the previous results may be explained. Tables 4 and 5 reveal that plants inhabited the dry saline habitat showed a higher increase of reducing sugars in winter and this could be ascribed to an increase in their biosynthesis or a decrease in their degradation. Also, it is observed that the concentration of soluble sugars took the same trend as non-reducing sugars since, the increase in soluble sugars was due to the increase in non-reducing sugars. In this connection, Pelah et al. (1997) stated that drought tolerance can be partly attributed to the accumulation of soluble sugars, as they are able to protect the structural integrity of membranes during dehydration by preventing membrane fusion, transition phase and separation phase (Crowe et al., 1988; Crowe & Crowe, 1992).
Concerning carbohydrate fractions, results in
It is observed form Tables 4 and 5 that concentration of total carbohydrates in all studied species reached the highest value in autumn, followed by summer. The reduction in total carbohydrates in summer compared to that in autumn, matches with the results of photosynthetic pigments.
From the previous results, it can be observed that some species established their osmoregulation at the dry season via cationic and anionic accumulation as was the case in plants inhabited dry saline habitat (Z.album and A.microcarpus) as well as T. nudatum (sand-gravel plain habitat). However, T.hirsuta, A.monosperma and D.tortuosa showed an increase in each of reducing, non-reducing sugars as well as soluble and total carbohydrates in either summer or autumn (dry seasons) so, their osmotic adjustment was occurred, to a great extent, via sugars accumulation. Concomitantly with these results, El-Monayeri et al. (1986 a) reported that Z.album depends primarily on the accumulation of electrolytes in its osmotic adjustment. However, Ahemd and Girgis (1979), Girgis et al. (1979) and Marie (1988) revealed that Z.album depends to some extent, besides electrolytes, on non-electrolytes in developing its osmotic pressure.
El-Monayeri et al. (1986 b) found that A.monosperma and D.tortuosa accumulated high amounts of carbohydrates and nitrogenous compounds and retained relatively low contents of Cl, SO 4 , Na, Mg and K. Also, they added that the non-succulent xerophytes in maintaining high osmotic gradient, depend greatly on organic non-electrolytes such as soluble carbohydrates and nitrogenous compounds. Abd El-Rahman et al. (1976) revealed that the greater portion of total osmotic potential of halophytes was mainly due to electrolytes, whereas in xerophytic and hydrophytic species, a great portion of total osmotic pressure was due to nonelectrolytes including sugars and other constituents. 
